Daisen volcano is located on the Quaternary volcanic front in southwestern Japan. 
Volcanic rocks at Daisen volcano show typical features of adakite, such as high Sr contents, Sr/Y, and La/ Yb ratios. Melting of the young Philippine Sea Plate (26-28 Ma), which extends beneath the volcano, is considered to account for the genesis of these adakitic rocks (Morris, 1995; Peacock and Wang, 1999) . Peacock and Wang (1999) used thermal-petrologic models in a discussion of dehydration, magmatism and seismicity in northeastern and southwestern Japan, where cool and warm subduction take place, respectively. According to them, beneath southwestern Japan, most water in the subducting slab is dehydrated at shallow depths (<50 km) and is not available to trigger partial melting of the mantle wedge. An adakitic magma which ascends through wedge mantle can be used as a probe to investigate geochemical charagteristics of the wedge mantle. Interaction of an adakitic magma with the overlying mantle has been discussed where the mantle had suffered metasomatism by a slab-derived melt (Bourdon et al., 2002) . The detection of hydrated wedge mantle at the point of generation of adakitic magma, however, would place some constraints on whether the mantle layer metasomatized by dehydration can be dragged into the volcanic front in southwestern Japan.
( 238 U/ 230 Th) disequilibrium studies can help understand recent magmatic process, such as the contribution of fluid to the generation of melt in subduction zones,
INTRODUCTION
Adakites typically have high Sr contents (>300 ppm, up to 2000 ppm), with strongly fractionated REE patterns, very low concentrations of Y and heavy rare earth elements (HREEs; Yb ≤ 1.8 ppm, Y ≤ 18 ppm), and lacking negative Eu-anomalies (Martin, 1999) . Adakites result from the melting of a mafic source and are restricted to subduction zones (e.g., Martin, 1986; Defant et al., 1991; Drummond, 1990, 1993; Drummond and Defant, 1990) . Therefore, adakite can be produced by melting of the subducting basaltic slab. Slab melting appears where a young, hot slab subducts and exceeds its solidus before it dehydrates. If adakitic magma forms in this way, there is a strong possibility that it will interact with the mantle wedge on its way to the surface. The influence of this interaction is reflected in MgO, Ni, and Cr enrichments (e.g., Martin, 1999) . In contrast, Atherton and Petford (1993) argued that sodium-rich plutonic and vocanic rocks from the Cordillera Blanca complex in Peru, that have geochemical characteristics of adakite, formed by partial melting of newly underplated thick basaltic crust.
because U and Th are both highly-incompatible elements and cannot be fractionated from each other during crystallization of common minerals during partial melting, although fractionation of U and Th can occur during dehydration, reflecting the different mobilities of the two elements in aqueous fluids (Turner et al., 2003) . Many basalts from oceanic island-arc environments, such as the Mariana and Izu arcs, show a distinct excess of ( 238 U) over ( 230 Th), indicating that magma genesis is triggered by dehydration of the subducting slab. In contrast, ( 238 U/ 230 Th) disequilibrium data for young adakites from the Andean Austral volcanic zone (Sigmarsson et al., 1998) , where the Chile ridge subducts beneath South America, show a uniform excess of ( 230 Th) over ( 238 U). In this study, we examine the ( 238 U/ 230 Th) disequilibrium of adakites from the Karasugasen and Misen volcanic domes at Daisen volcano in order to investigate the nature of the sub-arc mantle where adakites form. Based on this knowledge, we then assess the geochemical character of the wedge mantle.
GEOLOGICAL BACKGROUND AND SAMPLES
Daisen is a Quaternary arc volcano situated in southwest Japan, where it is associated with the subduction of the Philippine Sea Plate beneath the Eurasia Plate (Fig.  1 ). Daisen is a large composite volcano, more than 120 km 3 in volume, ranging in age from 0.017 to 1.2 Ma, and consisting of several clustered and overlapping lava domes (Kimura et al., 2005; Tamura et al., 2000 Tamura et al., , 2003 Tsukui, 1984 Tsukui, , 1985 Tsukui et al., 1985) . Samples discussed here were collected from the Karasugasen and Misen lava domes. The Misen lava dome forms the summit of Daisen (1729 m), whereas the Karasugasen lava dome is located 3 km to the southwest. The first ash fall from the Karasugasen overlies the Aira-Tanzawa tephra, whose eruption age is about 26 ka (Tsukui, 1984) . Misen eruption occurred at ca. 17 ka, which was the last eruption of Daisen (Tsukui, 1984) .
Both lava domes are dacitic. Karasugasen consists of porphyritic dacite, with phenocrysts of plagioclase (15-20 vol.%), hornblende (5-10 vol.%), with or without minor quartz, biotite, or hypersthene. The Misen lava dome is less crystalline, with 5-10% plagioclase phenocrysts, and 1-3% phenocrysts of hornblende, biotite, hypersthene, and/or quartz. Kimura et al. (2005) and Tamura et al. (2000 Tamura et al. ( , 2003 (Tamura et al., 2000 (Tamura et al., , 2003 . The isotopic compositions are close to those of bulk earth (Zindler and Hart, 1986) . Kimura et al. (2005) suggested that the Karasugasen dacite were derived from the slab sediment melting based on the isotopic data.
ANALYTICAL
Thirteen samples were crushed with an agate mortar, following washing in a Milli-Q water ultrasonic bath.
Major element data and trace element data except rare earth elements, U, Th were analyzed by X-ray fluorescence spectrometry (XRF) at ERI, the University of Tokyo, (PW2400; Philips Japan Ltd.) following the method described in Tani et al. (2002) . The concentrations of the rare earth elements were determined using an ICP-MS fitted with a quadrupole mass analyzer at ERI (PQ3; Thermo Elemental, Winsford, U.K.). Accuracy and precision of the analyses are shown in Fukuda et al. (2008) . RSD of most of the elements was better than 10%.
The analytical scheme for ( 238 U/ 230 Th) disequilibrium analysis has been described by Fukuda and Nakai (2002) . U and Th were purified using anion exchange resin (AGX1-8; Bio-Rad Laboratories Inc.). Abundance measurements were carried out by isotope dilution analysis. A reagent of depleted U (U(NO 3 ) 4 , 94270; Fluka Chemika GmbH) was used as a U spike. The 230 Th spike was prepared by separation of 230 Th from natural U. The abundance and isotope measurements were performed using a MC-ICPMS at ERI (IsoProbe; GV Instruments Ltd., Manchester, U.K.). An Aridus micro-concentric nebulizer (Cetac Technologies, Omaha, U.S.A.) was used to intro- Kimura et al. (2005) (Fukuda and Nakai, 2002) . In this study we used the following decay constants for calculation of radioactivity ratios: (λ 238 U = 1.551 × 10 -10 yr -1 (Jaffey et al., 1971) , λ 230 Th = 9.158 × 10 -6 yr -1 (Cheng et al., 2000) , λ 232 Th = 4.945 × 10 -11 yr -1 (Holden, 1990) .
Fig. 1. Location map of Daisen volcano modified from

RESULTS AND DISCUSSION
Results of geochemical and U-Th radioactive analyses of Daisen adakites
Major element compositions (Table 1 , Appendix 1) show that dacitic rocks from both lava domes are basically similar and overlap with compositions reported by Morris (1995) . Trace element compositions of Karasugasen and Misen samples (Table 1, Appendix 1) are similar to other worldwide adakites (e.g., Martin, 1999) , although adakaites from Karasugasen has higher Sr contents than those from Misen. They plot in the adakite field in terms of Sr/Y-Y (Fig. 2) , and have steep REE patterns with positive Eu anomalies (Appendix 2, Fig. 3 ), which are typical of adakites. These results are consistent with previous reports for Daisen dacites (Morris, 1995; Kimura et al., 2005) . Cr and Ni abundances in the Dasisen adakites are lower compared with averages of adakites, which has been pointed out by Kimura et al. (2005) .
The whole-rock 238 U-230 Th radioactive disequilibrium data of the Daisen samples are shown in Table 2 and an equiline diagram (Fig. 4) (Beattie, 1993; LaTourette et al., 1993) . Therefore, the excess of ( 230 Th) over ( 238 U) at Karasugasen is consistent with its origin from melting of eclogite leaving residual garnet. In contrast, the samples from Misen show an excess of ( 238 U) over ( 230 Th), which is typical of many arc systems such the Izu and Mariana arcs (Turner et al., 2003) , and the Southern Volcanic Zone in Chile (Fig. 4) . The ( 238 U/ 230 Th) data imply that a fluid-related component derived from the subducting slab is involved in the genesis of the Misen magma. Kimura et al. (2005) reported that the chemistry of the Karasugasen lava is similar to other Diasen-Hiruzen lavas that erupted over an interval of a million years. Because large amount of adakitic magma (>100 km 3 ) in the area requires a massive homogeneous source, they argued for slab melting as a plausible mechanism for the production of the Karasugasen adakites. Meanwhile, Iwamori (1991) suggested involvement of lower crust melting by mafic underplate. As far as we know, there exists no report on trace element and isotope data on lower crustal xenoliths in the Daisen area. The composition of average lower continental crust (Rudnick and Gao, 2003) (Sigmarsson et al., 1998) . The estimate compositions of upper and lower crust (Rudnick and Gao, 2003) Plank and Langmuir (1998) is shown as a cross.
U-Th constraints on the origin of Daisen adakites
are shown with circles. Each value may contain uncertainty of 10-30%. U and Th composition of global subducting sediment (GLOSS) by
GLOSS
consistent with the lower crust origin of the adakites (Fig.  4) . Shiomi et al. (2006) determined Moho depth at the coastline of the Sea of Japan as around 30 km based on receiver function inversion. Compared with the Cordillera Blanca complex in Peru where underplated thick basaltic crust was ascribed to genesis of adakite (Atherton and Stracke et al. (2003) . Trace element data of the Quimsacocha, Antisana, Pirca Negras, Cook Islands, and Lautaro are respectively referred from Beate et al. (2001) , Bourdon et al. (2002) , Goss and Kay (2009) , Stern and Kilian (1996) and Orihashi et al. (2004 Orihashi et al. ( , 2008 (Fig. 4) . The ( 238 U/ 230 Th) ratios of samples from Misen are negatively correlated with Sr/Y (Fig. 5) , indicating that the adakitic magma interacted with a fluidmetasomatised mantle, which has been en route to the surface. Daisen is located about 400 km from the Nankai Trough, where the Philippine Sea Plate subducts beneath Shikoku. Because it is difficult to trace the configuration of the Plate, the depth to the subducting plate in this area is controversial. However, it is estimated to be at a depth of at least 60 km (Ueno et al., 2008; Iidaka et al., 2009) . It is conceivable that P-T conditions for the subducting slab beneath Daisen volcano include passing through a hot stage at which slab melting starts. The estimated age of the subducting Philippine Sea Plate is, however, around 26-28 Myr, which is close to the boundary conditions at which slab melting can happen. When such an relatively old slab melts, dehydration might also take place due to subtle differences in P-T conditions at the locus of melting place. Alternatively, hydrated mantle might have been dragged down with the downward flow of the mantle wedge. The presence of radioactive disequilibrium with ( 238 U/ 230 Th) > 1, in any case, necessitates that fluid addition took place within 400 kyr before present. Figure 6 shows trace element abundances of adakites from Quimsacocha (Beate et al., 2001) , Antisana (Bourdon et al., 2002) in Ecuaror, Pirca Negras in Argentina (Goss and Kay, 2009 ), Cook Islands (Stern and Kilian, 1996) and Lautaro (Orihashi et al., 2004 (Orihashi et al., , 2008 in Chile normalized to N-MORB (Sun and McDonough, Petford, 1993) , the crustal thickness beneath Daisen is not enough for garnet of be stable. The crustal melting would not produce the Karasugasen adakites with the excess of ( 230 Th) over ( 238 U). Moreover, as Kimura et al. (2005) pointed out, REE patterns of Karasugasen adakites are not consistent with lower crustal melt origin. REE patterns of adakites from Misen (Fig. 3) are also similar to those reported by Kimura et al. (2005) . We therefore argue for slab melting as more plausible mechanism.
Fig. 6. N-MORB normalized trace element abundance patterns of adakites. Model calculations for 10% MORB melt and 10% melt of a mixture of MORB and GLOSS sediment were done following the method of
1989). Results of calculations using a model of 10% batch partial melting of N-MORB and 10% melt of a mixture of N-MORB and 2% sediment (GLOSS, Plank and Langmuir, 1998) are also shown. Partition coefficients for eclogite (Stracke et al., 2003) were used for the calculation. The order of the elements has been arranged according to decreasing magnitude of the partition coefficients that operate during generation of oceanic basalts. Among the four elements at the far left, Rb and Ba are fluid mobile, while Th and Nb are fluid immobile. Although trace element abundances of adakites will change according to several factors such as the degree of melting, residual phases during melting and intra-crustal differentiation, the comparison of the patterns formed by the four elements with those of two results of the calculations is still useful to gauge the influence of fluid-related metasomatism qualitatively. The N-MORB normalized trace element pattern (Fig. 6 ) of samples from Misen edifice of Daisen shows enrichment in Rb and Ba than the N-MORB melts with or without sediment. Possibly, the sub-crustal mantle beneath Misen edifice has suffered hydrous metasomatism. Meanwhile, the trace element pattern of samples from Karasugasen edifice shows enrichment also in fluid immobile elements, such as Th and Nb, suggesting enrichment mechanism may be different for the two eddifices.
Available data related to U-Th radioactive disequilibria of adakites remain limited. The abundance ratios of large ion lithophile elements (LILE) to fluid immobile elements, such as Rb/Nb, provide useful indices for detecting contribution of slab-derived fluid to magma generation in island-arc environments. The Rb/Nb ratio of the samples from Misen, with averages of 11.6, is higher than that from Karasugasen, with averages of 6.4, despite some overlap. Although adakites with high Rb/Nb more than ten are observed in the Aleutians (Kamber et al., 2002) , Mindanao (Sajona et al., 1997) , Negros Arc (Solidum et al., 2003 ), central Luzon (Yumul et al., 2003 , and several volcanoes in Ecuador, it is uncommon to find adakites with high Rb/Nb existing with those having low ratios. Contemporary eruption of the two types of adakites is limited to Antisana in Ecuador. Average compositions for adakites from the Cook Islands, Viedma, Aguilera and Reclus of the Austral Volcanic Zone in Chile, with large excess of ( 230 Th) over ( 238 U) (Fig. 4) are clearly depleted in Rb and Ba. The average of Rb/Nb ratio of the volcanoes is 4.8. Comparing adakites from different volcanoes, the sources of adakites from Misen have apparently experienced fluid-related metasomatism to a greater extent. Pleiocene adakites from Quimsacocha, Ecuador, and 6-7 Ma adakites from Pirca Negras, Ecuador show similar enrichments in Rb and Ba.
The above discussions do not consider the influence of crustal assimilation. Rb in particular is susceptible to modification by the process. Higher Rb/Nb ratio of adakites from Misen than those from Karasugasen, however, can mostly be attributed to fluid addition process, because the large extent of lower crustal assimilation would have lowered ( 230 Th/ 232 Th), which contradicts the observed relation between the adakites from the two domes (Fig. 4) .
Our new finding of adakites with ( 238 U) excess over ( 230 Th), together with compilation of adakites from other areas, might indicate that even where warm subduction is taking place, the hydrate layer can be downdragged to adakitic-magma generation depths in the bottom of mantle wedge. Or it might indicate that when an relatively old slab melts, dehydration might also take place in proximity to where melting occurs.
Turner, S., Bourdon, B. and Gill, J. (2003) 
